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ABSTRACT 
This experiment aimed to compare carcass and meat quality of crossbred pigs (female Thai Native or Duroc crossed with male 
Pietrain; n=8 each) fattened for 120 days after weaning. They were slaughtered and dressed in USDA style. The experiment was 
designed by using t-test statistical analysis with two treatments, either Pietrain × Native (P×N) or Pietrain × Duroc (P×D). Pigs 
were slaughtered at an average weight of 88.8 vs 101 kg for P×N and P×D, respectively (P<0.05). P×N had a lower carcass 
weight (66.0 vs 73.5 kg, P<0.01), lean percentage (50.7 vs 59.9, P<0.01), loin eye area (47.2 vs 60.1 cm2, p<0.01) and carcass 
length (75.1 vs 78.9 cm, P<0.01), but a higher total fat percentage (11.4 vs 7.6, P<0.01), compared with P×D. The ham 
percentage of P×N was lower than that of P×D (33.6 vs 34.6, P<0.01). Meat pH at 45 min and 24 h post mortem was found to be 
lower in P×N in both Longissimus dorsi (LD) and Semimembranosus (SM) muscle (6.03 and 5.63 vs 6.04 and 5.72) compared 
with P×D (6.47 and 5.96 vs 6.71 and 5.95, respectively). The meat of P×N was lighter (L*) than that of D×P (53.4 vs 48.6,
P<0.01). There were no significant differences for redness (a*), yellowness (b*), TBARS value and collagen content. The LD of 
P×N was found to be lower in moisture (72.1 vs 73.6, P<0.05), protein (22.4 vs 23.3, P<0.01) and higher in fat content (5.37 vs 
2.85, P<0.01) compared with P×D. The results of this study suggest that crosses with the robust breed Duroc, could be an 
alternative genotype in commercial Thai pork production because most performance, carcass and meat quality traits were 
superior to those of crossbreds with the native pig genotype. However, N×P provided favorably more intramuscular fat. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Faculty of Agriculture, Chiang Mai University. 
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1. Introduction 
Swine production is important to meet the requirements of commercial pig producers, pork processors and 
consumers (Kaiü et al., 2009). For the future, genetic improvement for economically traits, such as reproductive and 
meat quality have been perceived more interest by breeders (Zhang et al., 2000), because the consumers give more 
attention to, and preferentially consume, meat of good quality and good taste. Charoensook et al. (2009) reported 
that most Thai native pig genotypes such as Raad, Puang, Hailum or Kwai are reared by some groups of highland 
people in the Northern area and in some villages. Diets of low quality could be used and pigs might be disease 
resistant (Serres, 1992). In addition, Thai native pig is known for its high content of intramuscular fat which are 
increase demand by consumers (Jin et al., 2001). Meat quality is an important factor influencing consume. However, 
purebred native genotypes have lower average daily gains (ADG) and feed conversion ratio (FCR) than European 
pigs and thus are unsuitable for commercial production. Therefore other genotypes have to be identified which 
enable the livestock industry to increase the quality of the meat, like increased tenderness, juiciness and sufficient 
intramuscular fat, thus meeting the requirements of the consumers (Jaturasitha, 2012). Thai native pig genotypes 
could be an alternative when crossed with European pigs in order to increase meat quality Thus, the use of some 
highly prolific Thai native pig has been proposed to increase the sow’s reproductive performance and meat quality. 
Wood et al. (2004) reported that different breeds with different characteristics may differ in carcass and meat 
quality. The Pietrain breed is rather commonly used as a paternal component in the commercial crossing. It is 
commonly known that with the Pietrain breed there are high lean percentages (Jiang et al., 2012). In addition, 
Rybarczyk et al. (2011) reported that the use of Duroc crossbreds can increase the content of intramuscular fat in 
meat. Many Thai native pigs have been increasingly crossbred with European commercial breeds for improving 
performance in economically important traits. Accordingly, when choosing the best animal crossbreeding strategy, it 
is important to recognize that meat quality traits has to match with customers’ needs. Therefore, the objective of this 
study was to investigate the effects of crossbreding of either Thai Native or Duroc with Pietrain genotypes on the 
carcass and meat quality. 
2. Materials and methods 
2.1. Animals and experimental design 
A total of sixteen pigs were fed commercial diets for 120 days after weaning. They were reared at Chiang Mai 
Livestock and Breeding Research Center, Sanpatong, Chiang Mai. They were kept in individual pens with ad
libitum access to feed and water, slaughtered and dressed in USDA style. The experiment was designed for later use 
of t-test statistical analysis with two treatments, a) Pietrain × Native (P×N) and b) Pietrain × Duroc (P×D). There 
were eight pigs for each group. The chemical composition of the diets is shown in Table 1. 
 
Table 1  Ingredient composition (% of DM) of the diets fed to pigs of both crossbred types 
Chemical composition (%) Pigs diets 
Growing pig diets Finishing pig diets 
Dry matter (DM) 92.5 93.0 
Ether extract (EE) 9.00 7.14 
Crude fiber (CF) 2.63 2.55 
Crude protein (CP) 21.2 20.1 
Ash 7.55 7.04 
Gross energy (kcal/kg) 3,493 3,445 
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At 120 days after weaning, pigs were transported to slaughter at Livestock Industry Development Center where 
the animals were stunned using electricity, exsanguinated, dehaired, and eviscerated.  
2.2. Carcass quality measurement 
After chilling at 4 ºC for 24 h post mortem pigs were dressed according to USDA style (Jaturasitha, 2007) into 
four lean cuts (picnic, boston, loin and ham). Bone, muscle, subcutaneous fat, and skin were physically dissected. 
Each of the dissected tissues was weighed to the nearest gram. Carcass dressing was calculated by dividing the 
carcass weight by the live weight which was obtained after fasting for 12 h but giving the animals still free access to 
drinking water. Loin eye area was determined by tracing its surface area at the tenth rib and by using a planimeter 
(Planix 5.6, Tamaya Digital Planimeter, Tamaya Tecnics Inc., Tokyo, Japan). The average backfat thickness was 
measured at the 11th rib of the LD muscle.
2.3. Meat quality measurement 
The pH was determined using a pH meter (pH meter model 191, Knick, Berlin, Germany) in the Longissimus 
dorsi (LD) (LD) muscle and in the Semitendinosus (SM) muscle at 45 min and 24 h postmortem. The LD muscle 
was cut from the left side of each carcass and transferred to the laboratory. The LD was cut into 2.54 cm thick slices. 
After that, all samples were kept vacuum-packaged and were stored at -20 °C until further analysis. Meat colour was 
determined with a Minolta Chroma meter (Model CR-400, Minolta Camera Co., Ltd., Osaka, Japan). It was 
recorded at 48 h post mortem on the surface area of the LD muscle after 1 h of blooming time and included L* 
(lightness), a* (redness) and b* (yellowness). Percentages of moisture, fat, and protein in the LD muscle were 
determined according to proximate analysis (AOAC, 1995) methods. Collagen content was determined by the 
hydroxyproline method. The absorbance was read at 550 nm. The hydroxyproline concentration in the LD muscle 
was calculated from the standard curve of hydroxyproline (Hill, 1969). In addition, lipid oxidation measurements 
were assessed by the 2 thiobarbituric acid (TBARs, thiobarbituric acid reactive substances) method (Rossell, 1994).
2.4. Statistical analysis 
Data of carcass and meat quality from the two crossbreds of Thai Native or Duroc with Pietrain was analyzed by 
using SAS 9.2. Comparison of the two means between the breeds was made by a 2-tailed independent t-test, with P 
< 0.05 taken as statistically significant (SAS, 2008). 
3. Results and discussion 
3.1. Carcass composition 
Carcass traits of the two crossbreds are shown in Table 2. There were large differences between the crossbreds. 
The P×N a had an average weight at slaughter being 12 kg lower (P<0.05) than that of P×D. The P×N had 10.2% 
lower chilled carcass weight (P<0.01), 15.4% lower lean percentage (P<0.01), 21.5% lower loin eye area (P<0.01) 
and 4.82% shorter carcass length (P<0.01) but had a 33.3% higher total fat percentage (P<0.01) compared with 
P×D. The ham percentage of P×N was 2.89% lower than that of P×D (P<0.01). In the current study, it should also 
be noted that, the P×D had a faster growth rate and better feed conversion efficiency than P×N, i.e. the crossbred 
with Thai native pig, when compared at the same age. Numerous researchers have investigated the differences in 
carcass traits among different pig breeds (cf. Fisher et al. 2000). Accordingly, genotype differences were found by 
Rybarczyk et al. (2011) who studied Polish Large White × Polish Landrace crossbred sows compared with boars of 
either purebred Pietrain (P) or crossbreds of Line 990 × Pietrain (L×P), or Pietrain × Line 990 (P×L), or Duroc × 
Pietrain (D×P), or Pietrain × Duroc (P×D). They found that porkers from purebred Pietrain (55.2%) had a 
significantly higher lean proportion of carcass compared with porkers from crossbred boars of P×L and P×D (53.9 
and 52.8%, respectively). In addition, the loin eye area of porkers from Pietrain sires had a significantly larger loin 
eye area (49.8 cm2) than those of the porkers from the P×L and P×D groups (46.6 and 43.9 cm2, respectively). 
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However, there were no significant differences in backfat thickness like also in the present study. Gispert et al. 
(2007) comparing native pigs with Europe pigs such found that Chinese pigs had lower lean percentages and higher 
subcutaneous fat percentages compared with Landrace, Large White, Duroc, and Pietrain pigs. Iberian pigs had a 
significantly higher back fat thickness and intramuscular fat percentage than Landrace pigs at a slaughter weight of 
100 kg (Serra et al., 1998). Korean native pigs exhibited a higher intramuscular fat content and back fat thickness 
than European meat breeds (Kim et al., 2008). 
 
Table 2  Carcass traits in the two crossbreds 
Carcass traits Pietrain×Native Pietrain × Duroc p-value 
Live weight (kg) 88.8 ± 4.19 101 ± 10.7 0.014 
Chilled carcass weight (kg) 66.0 ± 3.01 73.5 ± 6.28 0.009 
Carcass (%) 74.0 ± 4.12 72.6 ± 3.11 0.456 
Lean (%) 50.7 ± 0.71 59.9 ± 0.90 .001 
Total fat (%) 11.4 ± 0.63 7.60 ± 0.49 .001 
Bone (%) 15.9 ± 0.55 15.0 ± 1.02 0.056 
Loin eye area (cm2) 47.2 ± 8.96 60.1 ± 2.78 0.004 
Back fat thickness (cm) 1.90 ± 0.43 1.79 ± 0.45 0.620 
Carcass length (cm) 75.1 ± 3.04 78.9 ± 1.73 0.009 
Four lean cuts (%) 
    Picnic 12.3 ± 0.66 12.9 ± 0.87 0.136 
    Boston shoulder 8.75 ± 0.47 9.19 ± 0.62 0.134 
    Ham 33.6 ± 0.55 34.6 ± 0.59 0.003 
    Loin 16.4 ± 0.37 16.6 ± 0.66 0.593 
3.2. Meat quality 
 
Many factors are known to determine meat quality. The present experiment showed that genotype influenced a 
number of meat quality traits as well (Table 3). Meat pH at 45 min and 24 h post mortem was found to be lower by 
6.80 and 5.54% as well as 9.99 and 3.87% in P×N in both LD and SM muscles compared with P×D, respectively. 
Meat color of P×N was lighter (L*) by 8.99% than that of D×P (P<0.01) The meat of P×N had a higher fat content 
46.9% (P<0.01) but by 2.04% less moisture (P<0.05) and 3.86% less protein (P<0.01) compared with P×D. 
Rybarczyk et al. (2011) reported that the porkers meat from Pietrain boars (P) was significantly lighter in colour 
(L*) in comparison with porkers’ meat from crossbreds in which the Pietrain breed was used on the paternal side 
(P×L and P×D). Jacyno et al. (2002) who studied progeny of boars descending from reciprocal crossing of the 
Pietrain and Duroc breeds, found that purebred Pietrain have less fat and more protein in the meat compared to P×D 
and D×P. Protein was especially high in the muscle of P×D (24.3%) and the intramuscular fat content of LD for 
purebred Pietrain boars was the low (2.03%). In addition, Laube et al. (2000) reported that the intramuscular fat 
content in P×D was within the optimum range (2 - 3%). Thai native pigs are classified as lard type pigs with the 
result that P×N had a higher intramuscular fat percentage than P×D in the present study. There were no clear 
differences in redness (a*) and yellowness (b*) between groups. The numerically highest TBARS value tended to 
occur with P×N because P×N was liable to be higher in fat content than P×D. There were no significant differences 
for collagen content as could have been expected because the pigs were of the same age. 
4. Conclusion 
This study investigated the effects of crossbreeding on the carcass and meat quality of Thai Native or Duroc with 
Pietrain pigs. It was found that the P×D were superior in performance and carcass quality to those of P×N. The 
results of this study suggest that P×D crosses, using Duroc as robust genotype, could be an alternative in 
commercial Thai pork production because most performance, carcass and meat quality traits were superior to those 
of crossbreds with the native pig genotype. However, the ranking was less clear in meat quality, and even reversed 
in intramuscular fat content. When it comes to improvements of Thai native pig genotypes, crossbreeding of Thai 
native pigs with Pietrain is helpful to enhance performance, carcass and meat quality. Whether or not production is 
more economic with one or the other crossbred type is still to be clarified. 
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Table 3  Meat quality traits of loin (LD) and, where indicated, in the SM of the two crossbreds 
Meat quality traits Pietrain × Native Pietrain × Duroc p-value 
pH 45 min (LD) 6.03 ± 0.37 6.47 ± 0.21 0.011 
pH 24 h  (LD) 5.63 ± 0.13 5.96 ± 0.20 0.001 
pH 45 min (SM) 6.04 ± 0.59 6.71 ± 0.19 0.015 
pH 24 h (SM) 5.72 ± 0.15 5.95 ± 0.10 0.001 
Meat color1 
     Lightness (L*) 53.4 ± 3.68 48.6 ± 2.44 0.009 
     Redness (a*) 6.76 ± 1.51 5.75 ± 1.48 0.196 
     Yellowness (b*) 4.45 ± 1.32 5.32 ± 1.34 0.216 
Chemical  composition  
     Moisture 72.1 ± 1.34 73.6 ± 0.30 0.018 
     Protein 22.4 ± 0.52 23.3 ± 0.70 0.008 
     Fat 5.37 ± 1.48 2.85 ± 0.86 0.001 
Collagen, g/100g meat 
     Soluble 0.19 ± 0.12 0.17 ± 0.06 0.836 
     Insoluble 2.66 ± 0.36 2.37 ± 0.22 0.081 
     Total 2.85 ± 0.40 3.23 ± 0.25 0.106 
TBARs value, μM/kg 
     Day 0 0.05 ± 0.02 0.06 ± 0.03 0.791 
     Day 3 0.07 ± 0.01 0.06 ± 0.02 0.433 
     Day 6 0.10 ± 0.03 0.08 ± 0.04 0.194 
     Day 9 0.25 ± 0.05 0.20 ± 0.08 0.089 
1 L*= Lightness (white = 100, black = 0), a*= readness (green = -80, red = 100), b* = yellowness (blue = 50, yellow = 70) 
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